Oral lichen planus (OLP) is a chronic inflammatory disease of unknown etiology while oral lichenoid reaction (OLR) is a condition mimicking OLP.\[[@ref1]\] As these conditions are exposed to oxidative stress, they release reactive oxygen species (ROS) which are implicated in the pathogenesis of a plethora of inflammatory conditions to lethal diseases. It has been proved that ROS and reactive nitrogen species (RNS) play an important role in inflammation-mediated carcinogenesis.\[[@ref2][@ref3]\] Malignant transformation of OLP and OLR is 0.4--5.3% and 0.71% respectively.\[[@ref1][@ref4]\] If detected at an early stage these lesions can be prevented and treated successfully. With present advances in genotoxicologic studies, the extent of DNA damage provides a platform to determine the cancer progression. This study is the first of its kind, which was done to detect the extent of DNA damage in OLP and OLR. DNA is constantly subjected to chemical modifications. Several types of DNA damage such as single strand break (SSB), double strand break (DSB), cyclobutane pyrimidine dimers, 6-4 photoproducts and their Dewar valence isomers have been identified that result from alkylating agents, hydrolytic deamination, free radicals and ROS formed by various photochemical processes, including ultraviolet radiation.\[[@ref5]\] Oxidative stress, from oxidative and nitrative products, plays an important role in provoking DNA damage resulting in neoplastic changes in potentially malignant disorders.\[[@ref6]\] DNA damage can be detected through a number of strategies such as polymerase chain reaction (PCR) and real-time PCR, terminal deoxyribonucleotidyl transferase-mediated deoxyuridine triphosphate nick-end labeling assay, fluorescence *in situ* hybridization, flow cytometry and annexin V labeling. Furthermore, Immunological assays like immunofluorescent and chemiluminescence thymine dimer detection, immunohistochemical assay, enzyme-linked immunosorbent assay and radioimmunoassay, other advanced methods like gas chromatography-mass spectrometry and high performance liquid chromatography-electrospray tandem mass spectrometry and single cell gel electrophoresis or "comet assay," have been used.\[[@ref5][@ref7]\]

Comet assay {#sec2-1}
===========

Single cell gel electrophoresis or comet assay is one such technique for quantitating DNA damage and repair *in vivo* and *in vitro* in any eukaryotic cell and some prokaryotic cells. This technique is rapid, noninvasive, sensitive, visual and inexpensive as compared to the conventional techniques and is a powerful tool to study factors modifying mutagenicity and carcinogenicity. It has rapidly gained importance in the fields of genetic, toxicology and human biomonitoring. It can be used for evaluating lesions with DNA damage caused by DSB, SSB, alkali-labile sites, oxidative base damage, and DNA cross-linking with DNA or protein.\[[@ref5][@ref7]\]

Oxidative stress in oral lichen planus and oral lichenoid reaction {#sec2-2}
==================================================================

Oxidative stress is defined as a disruption in the balance between oxidants and antioxidants, which leads to the overproduction of free radicals and ROS; the pathology associated with ROS is derived from their ability to modify cellular and extracellular macromolecules, such as proteins, lipids, and DNA to disrupt cellular function. ROS and free radicals have a predominant deleterious role in inducing and promoting carcinogenesis. Based on the literature it is known that oxidative stress plays an important role in the pathogenesis of several inflammatory and autoimmune diseases. Since OLP and OLR are chronic inflammatory diseases, they release large quantities of ROS and RNS, which further causes injury to the surrounding tissues, which has been proved by several studies.\[[@ref6][@ref7]\] Nitric oxide has been used as a salivary biomarker in detecting oxidative stress in patients with OLP and is found to be significantly higher in these patients compared to healthy controls.\[[@ref8][@ref9][@ref10]\] Role of oxidative stress in OLP and OLR was proved by estimating the levels of salivary melondialdehyde\[[@ref1][@ref6][@ref10][@ref11][@ref12][@ref13][@ref14]\] and total antioxidant capacity\[[@ref1][@ref6][@ref10][@ref12][@ref13]\] levels. This leads to the hypothesis that there is an increase in oxidative stress and imbalance in antioxidant defense system in the oral cavity of OLP and OLR patients, which may be involved in the pathogenesis. A further study assessing the DNA damage in peripheral blood lymphocytes using comet assay in oral mucosal lesions like OLP and OLRs is warranted.

Comet assay in detecting DNA damage {#sec2-3}
===================================

Several studies were done on peripheral blood lymphocytes and buccal epithelial cells to detect DNA damage using comet assay in oral mucosal lesions like oral leukoplakia, oral submucous fibrosis (OSMF) and oral cancer. Subjects with deleterious oral habits like smoking, areca nut with lime chewing with or without smoking, areca nut with lime and tobacco chewing with or without smoking were also assessed for DNA damage in different studies. This study was done to detect the extent of DNA damage in OLP and OLRs using comet assay.\[[@ref15][@ref16][@ref17][@ref18][@ref19][@ref20]\]

Methodology {#sec1-2}
===========

The study protocol and procedure were approved by the Institutional Internal Review Board and Ethical Committee. Informed consent was obtained from patients after explaining the procedure, aim and objectives of the study. The study comprised of 40 patients including 20 cases (OLP and OLR) and 20 controls. Cases were selected on the basis of modified WHO criteria (2003),\[[@ref16]\] following which incisional biopsy was done from the site of lesion under local anesthesia and the soft tissue specimens were sent for histopathological examination. Simultaneously, whole blood was collected from the selected subjects (cases and controls) under aseptic conditions by venipuncture from the antecubital vein and one ml of blood was labeled and subjected to comet assay \[[Figure 1](#F1){ref-type="fig"}\].

![Schematic representation for comet formation](JPBS-7-451-g001){#F1}

Procedure for assessment of DNA damage {#sec2-4}
--------------------------------------

The blood sample collected was centrifuged for 30 min at 1500 rpm, to separate the lymphocytes following which the cells were sandwiched between the layers of agarose gel. These slides were placed in the lysis solution (Nacl) for a minimum of half an hour to a maximum of 24 h followed by electrophoresis for 1 h (without power 30 min and with power 30 min). Later the cells were fixed and stained with silver nitrate; observed under a bright-field light microscope (Olympus BX-51) and images were captured using CCD camera \[[Figure 2](#F2){ref-type="fig"}\]. Captured images were analyzed for DNA damage using commercially available COMET SCORE™ (TriTek Corporation) software. The DNA damage was estimated by measuring the length of different parameters using an ocular scale fitted in the eyepiece of the microscope or by visual scoring of the degree of damage from 0 to 4 according to comet appearance. In total, 40--50 randomly selected cells were analyzed per sample. Comets were selected without any bias by eliminating those seen at edges, air bubbles, and overlaps and they represented the whole gel.

![Bright field light microscopic pictures (×20): (a) Lymphocytes showing mild DNA damage in cases. (b) Normal lymphocytes in controls (white arrows)](JPBS-7-451-g002){#F2}

Parameters measured {#sec2-5}
-------------------

Tail length (TL), tail moment, comet length (CL), head diameter (HD), the percentage of DNA in the head, the percentage of DNA in tail, tail intensity and tail mean intensity.

Statistical analysis {#sec2-6}
--------------------

Statistical analyses were performed with SPSS version 21.0^©^ (IBM Corporation, Armonk, NY, USA). The comparison of cases and control subjects were analyzed by Student\'s *t*-test. Pearson correlation coefficient was calculated to estimate the correlation between different comet parameters. Significance was defined at *P* \< 0.05.

Results {#sec1-3}
=======

Comparison between cases and controls {#sec2-7}
-------------------------------------

The mean, standard deviation, *P* value and level of significance computed for the data collected on CL, HD, percentage of DNA in head, TL, percentage of DNA in tail, tail intensity, tail mean and tail moment (MTM) for group I, and group II consisting of 20 subjects each are presented in [Table 1](#T1){ref-type="table"}.

###### 

Comparison between cases and controls

![](JPBS-7-451-g003)

The results of this study showed statistically significant difference between cases and controls on CL, HD, percentage of DNA in head, TL and percentage of DNA in tail, tail intensity, tail MTM with *P* values being 0.0001, 0.0001, 0.02, 0.0001, 0.02, 0.0001, 0.012 and 0.0001, respectively. From our study, we could infer, a longer CL, larger HD, lesser percentage of DNA in head, longer TL, higher percentage of DNA in tail; higher tail intensity, tail MTM among the cases compared to controls is suggestive of DNA damage.

Comparison between oral lichen planus cases and controls {#sec2-8}
--------------------------------------------------------

The mean, standard deviation, *P* value and level of significance computed for the data collected on CL, HD, percentage of DNA in head, TL, percentage of DNA in tail, tail intensity, tail MTM of 20 normal control group, and seven OLP cases are presented in [Table 2](#T2){ref-type="table"}.

###### 

Comparison between OLP cases and controls

![](JPBS-7-451-g004)

The results of this study showed statistically significant difference between control and OLP cases on CL, HD, TL and tail intensity with *P* = 0.0001; whereas percentage of DNA in head, percentage of DNA in tail and tail mean showed no significant difference with *P* values of 0.06, 0.06 and 0.4, respectively. From our study we could infer, a longer CL, larger HD, longer TL, higher tail intensity and tail mean among OLP cases when compared to controls. But, the percentage of DNA in head, percentage of DNA in tail and tail mean were almost similar to control group.

Comparison between oral lichenoid reaction cases and controls {#sec2-9}
-------------------------------------------------------------

The mean, standard deviation, *P* value and level of significance computed for the data collected on CL, HD, percentage of DNA in head, TL, percentage of DNA in tail, tail intensity, tail MTM of 20 normal control group, and 13 OLR cases are presented in [Table 3](#T3){ref-type="table"}.

###### 

Comparison between OLR cases and controls

![](JPBS-7-451-g005)

The results of this study showed statistically significant difference between OLR cases and controls on CL, HD, percentage of DNA in head, TL and percentage DNA of in tail with *P* values of 0.0001, 0.0001, 0.016, 0.0001 and 0.016, 0.0001, 0.017 and 0.0001 respectively. Based on the study, we could infer, a longer CL, larger HD, lesser percentage DNA in head, longer TL, higher percentage DNA in tail, tail intensity, tail MTM among OLR cases when compared to controls.

Comparison between oral lichen planus and oral lichenoid reaction cases {#sec2-10}
-----------------------------------------------------------------------

The mean, standard deviation, *P* value and level of significance computed for the data collected on CL, HD, percentage of DNA in Head, TL and percentage of DNA in tail of seven OLP cases and 13 OLR cases are presented in [Table 4](#T4){ref-type="table"}.

###### 

Comparison between OLP and OLR cases

![](JPBS-7-451-g006)

The results of this study showed statistically significant difference between OLP and OLR cases on CL, HD and tail intensity with *P* = 0.0001. But percentage DNA in head, TL, percentage of DNA in tail, tail MTM showed no significant differences with *P* values of 0.9, 0.8, 0.9, 0.1 and 0.6 respectively.

Pearson\'s correlation coefficient for comet assay parameters {#sec2-11}
-------------------------------------------------------------

Correlation coefficients for all the eight comet parameters were calculated along with the *P* values are presented in [Table 5](#T5){ref-type="table"}.

###### 

Pearson\'s correlation coefficient for comet assay parameters

![](JPBS-7-451-g007)

Correlation coefficients were calculated with all the eight comet parameters, statistically significant correlation was found with respect to HD and CL; percentage of DNA in head and HD; TL and HD; %percentage of DNA in tail and HD; TL and percentage of DNA in head; % DNA in head and percentage of DNA in tail; percentage of DNA in tail and TL; tail intensity and CL, HD, tail mean with CL, HD, percentage of DNA head, TL, percentage of DNA tail; tail moment with percentage of DNA head, TL, percentage of DNA tail, tail intensity and tail that is, 19 out of 28 variables. Only nine variables did not show statistical significance.

Discussion {#sec1-4}
==========

This study was done in the Department of Oral Medicine and Radiology, Indira Gandhi Institute of Dental Sciences, Puducherry, India, over a period of 1-year in view of the existing controversies and lack of consensus on published literature on DNA damage in OLP and OLR using comet assay. The principle aim of the study was to quantify the extent of DNA damage in lymphocytes of the patients with OLP and OLR using comet assay. The target population consisted of patients with erosive, atrophic OLP and OLR as confirmed by modified WHO criteria. The study included 40 participants, 20 in the control group and 20 in the study group (OLP-7 and OLR-13).

Detection of DNA damage {#sec2-12}
-----------------------

In our study, eight parameters such as TL, tail moment, CL, HD, percentage of DNA in head, percentage of DNA in tail, tail intensity and tail mean intensity were selected to assess DNA damage. TL signifies the distance of DNA migration from the body of the nuclear core which contains the damaged DNA, which has moved from cathode to the anode when subjected to electric current. Results showed a significant increase in mean TL in OLP and OLR when compared to controls (*P* = 0.0001). Potentially malignant disorders like oral leukoplakia\[[@ref16]\] and OSMF\[[@ref16][@ref17]\] have shown to have similar increase in the mean TL, indicating the role of oxidative stress leading to DNA damage in these lesions \[[Table 6](#T6){ref-type="table"}\].

###### 

Comparison of TL between different studies

![](JPBS-7-451-g008)

Tail moment is a measure of the DNA damage, which is obtained by combining the amount of DNA in the tail with a distance of migration. The MTM observed in our study, was greater in OLP and OLR when compared to controls which is similar to the higher MTM values observed among smokers in different studies\[[@ref18][@ref19][@ref20]\] \[[Table 7](#T7){ref-type="table"}\].

###### 

Comparison of tail moment between different studies

![](JPBS-7-451-g009)

The observation on TL and tail Moment in our study shows that the pattern of DNA damage in OLP and OLR was similar to DNA damage seen in leukoplakia, OSMF and tobacco users. Thus, it can be inferred that though the etiopathogenesis of OLP and OLR are different, it is the oxidative stress-induced DNA damage that predisposes these lesions to transform into malignancy. ROS (superoxides, hydroxyl radicals) initiate mutagenic events by causing DNA damage and stimulate malignant transformation and progression.\[[@ref2][@ref21]\] The CL signifies the entire length of the comet, which includes both the intact and damaged DNA. Our study showed a significant difference between cases and controls. HD signifies the diameter of the head which contains only the intact DNA (undamaged DNA is supercoiled and thus, does not migrate very far out of the nucleoid under the influence of electric current). Significant difference was found between the cases and controls. Percentage of DNA in head signifies percentage of intact DNA in the head. Controls had higher percentage of DNA in the head from which we can infer that higher the DNA % in the head, lesser is the damage. Our study showed a significant difference between cases and controls. Percentage of DNA in tail signifies percentage of damaged DNA in the tail. Cases had higher percentage of DNA in the tail, and the obtained values showed a significant difference between cases and controls. Tail intensity signifies the intensity of damaged DNA in the tail which is the sum of all intensity values, and it showed statistically significant difference. Tail mean intensity signifies the average of all intensity values in the comet tail. Both tail intensity and tail mean intensity were higher in cases when compared to controls. Tail moment is a measure of the damage, which is obtained by combining the amount of DNA in the tail with a distance of migration which was observed to be greater in cases than the controls. Since there are no studies in the literature estimating the DNA damage in oral mucosal lesions using the parameters like CL, percentage of DNA head and tail, tail intensity and tail mean intensity in addition to TL and tail moment, our findings are unique and can be used to correlate the DNA damage occurring in the potentially malignant disorders to the process of carcinogenesis.

Based on the results obtained we observed that the study group showed significantly higher levels of DNA damage as reflected from the CL, HD and TL, tail intensity and tail moment values.

When the comparison between OLP cases and controls were done, subjects with OLP showed significantly higher levels of DNA damage as reflected by CL, HD and TL and tail intensity. And on further comparison between OLR cases and controls, OLR cases showed significantly higher levels of DNA damage than controls, which can be attributed to the variations reflected from the CL, HD and TL, tail intensity and tail moment. On comparison of OLR and OLP, significantly higher levels of DNA damage was observed in OLP as reflected by the CL and HD and tail intensity, whereas the parameters TL, percentage of DNA in head and tail, tail MTM were not significantly increased. Assimilating the results considering all eight parameters used to assess DNA damage between cases and controls, significant difference was observed with respect to all parameters suggesting the possible role of DNA damage predisposing to these lesions to malignant transformation.

Strengths of the study {#sec2-13}
----------------------

This study is the first of its kind which was done on OLP and OLR cases for detecting the extent of DNA damage using comet assayAll the eight comet parameters in assessing DNA damage showed the statistically significant difference.

Limitations of the study {#sec2-14}
------------------------

Smaller sample size of the study group could be attributed to the negative results obtained on a comparison of certain parameters. Further studies with larger sample size could give more conclusive evidence of DNA damage occurring due to oxidative burden in OLP and OLR as a risk factor for malignant transformation.

Conclusion {#sec1-5}
==========

Early detection and quantification of DNA damage in oral premalignancy or malignancy may help in the management of the disease and improve survival rates. Comet assay has been successfully utilized to detect DNA damage in oral premalignancy or malignancy. This study compares the extent of DNA damage with the comet assay in peripheral blood lymphocytes in OLP and OLR patients with normal controls. The results of the study concluded that the DNA damage was greater in OLP and OLR cases when compared to controls by using comet assay. Demonstrating DNA damage using comet assay may lead to further advancement in understanding the biology of oral cancer and precancer for developing possible worthy early detection tests.
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